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POPULATION AND RLPKODUCTIVE ECOLOGY OF THE SMALL MOUTHED 
HARDYHEAD A7«F«/ VOSOMA MICROSTOMA (GUNTHERj (PISCES: ATHERINIDAE) 
ALONG A SALINITY GRADIENT IN THE COORONG, SOU IH AUSTRALIA 

by Robvn L. MoiSHi Rn Michael C. Geodes* & David C. Paton* 

Suiiimarv 

Mfii-SHtK. R. Lm Or-DDns, M. C. <fe PAroN, 0 C (1W4) Populalioo :uiJ rcprodutiivo ecology of ihc ‘iuiall- 
riiouthcxl hardyheac! Aihrnn*t-\'i>mn niiiTOAhuHu (Liiinificr) iPisccs: Alhcnnidaci along a saliriily gnHlicnt in the 
C ixtrong South Aiislraliu, rrana. R. Sor. S tor IIX(4|, L' 07 216, 30 November |444. 

Athvnnowmn micnkUimiii m the Cooivng c\tiibiie<J a one year lile cycle with multiple ipjwning over u (out 
month breeding season from .Sei'ienihet u> Dcconiber Large numbers of larval and iuvcnilc livh i S-15 inm long) 
jippcaietl in vampleti during October and Nnvemher and grew rapidly over iunimci. muM reaching length.^ of 
26-^5 mill by aiilumn and 36-45 iimi by the folluwing spring. Only one ovary developed in females and ihb hegaii 
to enlarge diiiinp August when balche.s of eggs began maturing fionosornalie iiidieeviilwi began to mereuse at 
this lime Irmale fish with spent ovaries Were tirsi c.iUghi in Ntwember. The numbers ol large hatdyheads t > 35 niiiit 
ill samples deelined in December and Januaiy. leflaeting post-breeding iriorlalily. 

Salinities ranged from h to 67 g L ' at Noonamccmi, the most northerly samplmg sue and from 3.5 to 44 g 
L ' III 'lea Tree Crossing in the southern end of the Coomng lagoon system. High salinities did noi have a marked 
elldct on the (stpulalion ecology or reproduelive poieniial of Allttnmisviiia microsU'mci. Hardyheads weic caught 
III nil sites on all sampling oevasiotis and no inarked diflcrenccs weie found in listi m/c, giowih rate, condition 
HI ri-lniive hatch feeundiiy tiir lish eaughl from difterc-nl loeulilics along the salinity gradient llardyheads were 
coping well with the high and llueiuaimg sniinmes iliai esisi in the Coorong. Signilleani diflenmees in batch 
Iceiindny were found heiwcen years, with those- m spring 1490 being about hall those o| I99|. perhaps relleetiiig 
diflercnees in food availability The possible elleel.sol luluro proposed icdiielions in salinity lor the Coorong 
uM the biology of .3 wir/vrro/tw are discussed. Changes in salinity uie unlikely in llinii die dlsirihuiioii of hiirdyhead.s 
c.vecpi through possible tnllueiiefs on their food supply. 

Ki V Wnuits Aihi'iiiiiiMiDiii murn.\toma. Coorong. hardyhead. salinity, leprodueiion populailon biology, 
feaiiiriiiy. 



InlniduiTiiiii 

'Fhe Alherinidac ihardyhcud.s) is u Widespread tuinily 
of small fishes that are eoninionly tound in calm, 
shallow waters and ofieri have sbnn Lite eyeles (e.g. 
Cion ck: Bcn-T\ivia 198.3; Prince err//. 1982; Prince and 
lyuicr 1983, Potter ei al. 1983, 1986). Atheriiitds mo 
ulleii cdjyhalinc but high salinity may nlTcct their 
popul.ilion and reproductive biology, bor example, 
suspcetetl dwarfing in the Mediterranean atherinid. 
.ithirinLi howri. may be associated with high salinities 
(Gun & Ben-Tuvia (98.3). The North Amerrean 
allieiinid. Allwiiiinps affini.s spawned in ihc 

rieltl al salinitie.s of 72 p p.t. but the young died within 
four month;. (Cuipelan 1955) Most fish species it' Ihc 
Laguna Mudiv of 'I’cxas (up in 80 p.p.t.) do not spawn 
at .salinities gretiici than 45 p.p.t (Hcdgpctli ly67|. 
Cienerally, high saliiiilies and Fluctuations in .safiniiy 
restrict reprixluetion in many aquatic animals, affcuing 
Irotli the number of offspring pr ixluccd and the liming 
and length of the breeiling sea.son (Kirinc l%4i. 



Dcparlnienl of Zoology, Univei'sliy i>t Adtliildc. Soiuh 
Austral i.i SOOs. 

' IvAMSOH , V (1978) Tasoiionue and syslcmalic wview ol 
the Ausiraliaii llsli .sficeies o| the family Athcrinidae wjih 
relereiiees to alulcd .-.peeic.s of llie old world I’npublislitd 
PhD Thesis. Maiquane Utmei;.iiv, 



The .small-moulhed hardyhead. Alliirinoioiiui 
niicr<i.\h.mui fGiintber). is found in abundance o\er ti 
wide range of salinities including estuaries, inarinc 
embay It ictus and hypermariric laginins in souili-easieni 
Aiistrali.i from Ihc Tuggerah Lakes in New South 
Wiilcs, soiithwarils and w'e.stwards to Spencer Gulf in 
South Australia (Ivunisoff 1978': McUowall 19811, R. 
Connolly &.G. K. Jones piers, comm ) The maximum 
si/es appritiich 90 fitin (total length) in Tasmania and 
80 mm in Vitloria (Cadwalladei ct Btiekliouse 1983) 
The life cycle of .4. micrvsumiii tias been sludicil in 
Dec Why Lagoon N S.W.. where salinities ranged 
faint .3 to 13 p.p.t. (Poller e/ al. 1986). In these 
esiuarine eonddi>ms. .1 nii''r(fsrf»na exhibited 4 one 
year hie cycle with j four.moiitli breeding season 
during .spring f August to November). Pry enlcred the 
trappable populalion in Oclobcr. while larger adults 
rapidly dcelincij in abundaiiee after November. Growlli 
eftectivciy ceased over autumn and winter (April to 
August I 

••1. nmrostoma has been found thimighoui ihi- 
Coofong where uindilions range from esiuarine in Ihc 
north lo hypeisaline in the south iGeddes Bullet 
1084). Although hardyheads have been tatighl in Ihe 
Coorong in excess id 100 p.p i. ID,S (total tlissoiveil 
solids), equivuleiil lo a saliniiy id 91 p.p.i.. Geddo 
(1987) has suggested that extremely high saliniiic.v 
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OKK) p p.t. TI3S) during late 'iumriter and autumn 
nia> resincl the soulhciiy distribution ol these fish in 
(he Coorung in some years. This study takes advantage 
of the longitudinal gradient of salinity that exists in 
ihc Coorong to stuily the etTeci of high salinity on iht 
reproductive perfoimancc and populniion slruc'ture of 
A. mit rosunna^ 

Materials and Methtids 

t he pitpiilalion structure and reproductive hiology 
of hardy heads were studied at live sites within Ihc 
C'ootoiig: Noonamccna. Villa dci Yunipa, Policemans 
Point, Salt Creek and Tea Tree Crossing (Fig. 1). These 
sites spanned a 6? km length of the Coorong lagoon 
system, with Noonameena in the north usually 
experiencing a low'er range of salinities than the oilier 
four sites that were lariher south (Geddes 1987) The 
souilicrnmost site. Tea Tree Crossing, w;is at the 




southern extremity of permanent water in the Coorong 
whore Ihc highest salinities in the Coorong had been 
reponed 

The salinities and temperatures olTlie waicr at each 
ol the sites were measured at monthly intervals lietweeii 
Scpiemher 1490 and January 1992, Water tcmperalures 
were recorded at a depth of 40 cm between 09(10 ti 
and 18(X) h. Water samples, collected trum a depth ol 
40 cm, were returned to the laboratory and .salinities 
were estimated by measuring electrical Ciinductivitios 
(eondiiciiv ity meter CDM3) and converting these 
values to salinities using tables from Williams (19861. 
S.imples with condutiiviiics over 100 mS cm ' were 
diluted and the calculated salinities multiplied by the 
dilution laetor. 

Lacb month, fish were caught from each site u^mg 
a “i.5 m long. 1.75 m deep seine net with a inesll si/c 
of 1.9 mill. .-All seining was conducted at a cleplli of 
().2-().8 111 with liaulsovera distance of 40 m. On mosi 
oevasinns a single haul was laken but when the sample 
contained low numbers of fish ( < 50). additional seines 
were undertaken. Successive seines in the one area 
showed no .significanl difference in llie mean length 
of llsh caught 0 = 1.548. N - 200. P - 0.179), Pish 
traps (5.5 by .56 by 56 cm, mesh si/e 1.9 mni) hailed 
wi)h nic“ui (usually chicken) and se( mernighl in walci 
0.4-i),8 HI deep, were used in the first si,x nionlhs of 
tlie study. Traps were expoi led to caich larger lish. 
whose superior swiminuig ability may have entihlcd 
them to escape the seine net. and thus provided 
information on Ihc larger adults in the population They 
also provided additional fisli tor as.scssing leprixluclive 
condition. In addition, a plankton net (.550 gm mesii. 
60 cm diiinieter) was hauled through the water (depth 
0.2-0.6 ni) tor two niitiuie.s to check Hir the presence 
of larval .'I mivrosUmut. Pish were irntncdialely 
preserved m llJVf hulTercd formalin and relumed to 
Ihc laboraimy where their length and reproductive 
condition were measured. 

The total length ( Tl.-tip of snout tti end o| caudal 
t in) of each fish from With the .seine and trap samples 
was rccuixled to the tiearesl milliniclrc using dial 
calipers. Where the number ol individuals was large, 
a random subsuinple of approxiniaicly 150 individuals 
was measured The standard lengtii iSL-tip ol snout 
to postenor edge ol the last lateral line scale) of a 
subsample ol fish w'js measured to deienuine the 
relaiionsliip between Tl. and .SI,, thereby allowing 
comparisons w'ltli other .studies. I.engihs and body 
w'eighis of hardylieads caught in Ociohci 199 ( 3 . 
Dcccmbc( 1990 and Mitrcli 1991 at each of ilirec sues 
(N'oouamccna. fAslicemans ft.iint and Tcm Tree 
Crossing) were measured so that length weight 
icgrcSsioiis could be calciikiled. Pish condition was 
jssessthl b\ e.iimparing iliese ieiigth-wciglit regressions 
between sites. .Ml lengili and weight measureinenis 
were obtained Irorn fish that hail been pieserveiJ tii Id's 
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buffered tormalin. Sex raiios were ealculaied for up 
to 50 liaalyheiids (>50 nmi lenjiih) eaught in eaeh 
seine sample from October IWO lo May | 00 |, The sex 
of the fish was detetmined by macroscopic examination 
of the gonads Gonads in Ush <3U mm had not 
ililTerenlialed clearly and so these fish could not be 
sexed reliably. Orange coloration of the mid-lateral line 
and eyes was ob.served in some fish and the sex of M5 
fish that exhibited this coloration was determined. 

Seasonal patterns in the reproductive cycle of 
hatdyhcad.s were determined from changes in 
gonosomatic indices (GSl) and the examination of 
oocytes in the ovaries of female fish Male fish were 
not investigated us preliminary examinations showed 
no niiirkeil changes in gonadal weight The 
gonosomatic imlex (GSl) was calculated by expressing 
gonad w'cight as a percentage of body weight (L)e 
Vlarning ft ul. W82). Gonad w'cigbt and body w'cight 
were nieasiircd to the neaiesl milligram tor up lo 20 
leriiale fish (TL >40 inm) in each sample. Only fcmule 
fish lhal were at least 40 mm in length were used in 
the analysis as the ovaries of smaller fish did not 
contain maturing ooeylcs. Ovaries of female fish from 
three sites (Nooiuiineena. Policeman.s Point and Tea 
Tree Cni.ssingl were excised and pteseived in modified 
Gilson's (luid (Puckridge 1988-). These ovaries were 
then leased apart, .shaken vigorously, and stored for 
two weeks to separate the oocyie.s Ifoni the ovarian 
tissue. Preliminary microscopic e.xaminatton revealed 
three different egg types, which parallels the situation 
found for MemHo twnidin (Conover 1985). The three 
general egg, types were classified by size (tiocyic 
diiimcter) and appearance as follows: 

I. ininialiirc iwcylus: 0.05-0.70 min in diunieier, The 
smaller oocytes in this gmup (0.0.5-0.22 mm) had 
a clear cytoplasm and large nucleus, while the larger 
oocytes (0.23-0.70 mm) were white, op.iquc and 
olten irregular in shape. 

2 maturing iMuytes; 0.71-1.60 mm in diameter 
Sphcrieal and dark yellow in colour. 

3. ripe uiK-ytt's: 1.61-2 ,50 mm in diameter. Spherical 
ami hydrated with a yellowish yolk eentre. 
Diameters of ooeylcs were determined from a single 
measurement on a random orientation basis (West 
1990) using a microscopc-vidco attachment and a 
iligitiscr pad dowmloaded to a cornpiiler, Sub, sequent 
categorizations of oocytes were ha.scd only on 
appcaiancc. Numbers td maturing and ripe oocytes in 
twarics from samples over the two breeding seasons 
were counted using a slcrco-dissecting microscope; 
inmialurc (Mxyles were difficult to couni and wem tmly 
counted for samples of fish caught between September 



‘ PucKKiuui-, J. T. (1988) The life hlslory of j gizzanl sliad. 
Ihe bony bream. Ni'Williilcsii I'Vehi (Gunther) 
(Donisomutinae. Teleosii) in the l.ower River Murray. 
South Auslralui: MSe Thesis, tjiiiveisiiy it) Adelaide. 
Unpubl. 
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rw() and Junuaiy I‘W1. Fish '^crc classified ini'.' fisur 
stapes ds'pentlinp on flic lype orooLytes present (Fig 2); 

1 imnialurL' fish: immature ooeyies only, rirni ovary. 

2 nratiire fish: immature and maturing imcylc.s 

3. ripe fish: itTintaluie, ttiaturing and ripe uutyles. 
•4 spent fish: nititiiriiig or ripe oocytes absent, flaccid 
ovaty. 

‘Baieli fecundity" wu.s defined as the numbet ol 
matuting oocytes in the ovary and presumably 
represented the iTia.ximuiri number ol oocytes that could 
he fipcited and subsequently spawneil at one lime. 
"Relative batch fecundity” was defined as the numbci 
ol ittaUiniig iKicyrcs pet gruivt of ovaty-free body weight 
I Conover IfR.S) Dittcrences in the fccundily of leniule 
lisli at dillcrertl sites in the C’oomng were assessed by 
ompimiig relative batch Iceundities. 

Resiills 

l^liyuiiit Ouinu krisiimi/ the Coorent; - Hepicinbn 
/dvft u! Jiintiary /W2 

A longitudinal gradient in sahriily persisted ill the 
Coorong iiv ith .salinities increasing front Noonaineena 
in the North l.,agoon Ui lea Tree Ciossing at the 
.souiherniTiosi end ol ilie Cooroiig (Fig. 3,i Hypcrsalinc 
etindjijons ( g I. ') were inainlaiiied at all sites in 
llic Soitih I.agoon, e\cepl hrielly at Vijla dei Yuivipa 
in September 1^‘JI At Noonameena, conditioris were 
esluunne during winter and spring (9-32 p I ') and 
generally hypermarine during summer. .Seasonal trends 
isete alS" evident at ..ill sites with salinilie.s high in 
summer lallitig in autumn and rising again in spring. 
Ill Sepreinhei 1990. salinities ranged from 12 g I.' at 

■:Tea Tree Crussiog 
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lylO 1991 1993 

t ig. V Sea.son.il llucliautons in salmily and (ornpciaiurc at 
five sites ill tile CooKiiig Lagoon. .Salinities are shown fot 
each site an.l lefnpcr.iiures .ire shown j.s the iiieaa and range 
ti'r lliL live sues eotiihined. 



Noonameena lo 57 g 1. ' at Tea Tree Crossing, while 
in February 1991 salinities had risen to 60 g h' aild 
94 g I.. ' nt these two .sites respectively. Seasonal 
changes in salinity were similar in the two years. 
However, salinities reached their minima earlier in 1991 
( Augusl/Scptcmbci ) and were Imvcr than in the 
previous yeiir Water temperuture varied seasonally 
with niasimunt water lemperamrcs in c.sccss of 24°C 
rciordod during late- summer and minimum 
lemperalures of ll°C in winter (Fig. 3). 

Disinhuium <>f fish in the Ctxiron^ 

H.miyheails were collected fnmi all sites throughout 
the 17 month pcriixl. The highest salinity at which they 
were ft'iind was 94 g L ' (Tea Tree Crossing, 
February 1W|), J-'ive oilier species of Itsh were caught 
commonly, yclioweye miillel {Aldruiu'lUt fnrsteri). 
congolli iPsPiulophrius tiryilli). river garfish 
(Hypnrhamphus regufuris), greenbael.. flounder 
i.Rli<>mhii.\oli‘a hipiniui) and blue spot yiby 
{FsiwJof’ohiiis ahirwii) All species were caught at 
Noonameena and Villa dei Yumpa where salinities 
were lower However, yellmveye niullci was the only 
species caught with A minnshmij at Tea Tree 
Cros.sing. and then only during winter and spring. 
Yelloweye mullet, eongolli and blue spot goby were 
caught at salinities up to 64., X3 and 87 g L' 
respectively. Flounder and garfish were cuuglii only 
!it relatively low salinities (<36g I,') and only on 
three occasions. A. mivnishmui tar oulnumhered olhei 
(ish species in e.ieh siunple. 

Fnpiilaiion Sinn uin- o/Atherinosonia microstoma in 
llic Coimin.it 

The abundance of fish eolleeted at the five sites on 
the 17 sampling Oeeasions was analysed by lw<.' way 
analysis of variance. The number of hardylieads eaugfil 
m the first seine for each sample was used ni the 
analysts, '|■hcl■c was no significant difference between 
sites (F - 0.87. d.f - 79, p>().0.5) but there was a 
liighly significant diflercnce between sample dales 
tl - 6.03, d.f, = 79, p<0.001). Greater numbers u( 
hardylieads were caught during spring and summer 
1 Ilf length frequencies of fisli in each sample were 
inspeeloil and no consistent differences between sues 
were noted so the sites were pooled for lenglti 
tfequchcv aiialy.sis. I he sizes ol liardyheads Were 
highly variable at any one lime in the year, but Ihciv 
wore distinct scason.-tl patterns (Fig 4). Larvae and 
fry (5-15 mm; length class 1 ol F’ig. 4) were proinineiii 
in October, November and December (.spring-early 
Slimmer) itf 1990 and 1991. At thi.s time of the year, 
length- frequency distributions were often dislineily 
bimodal, constsimg of sintdl fish t <35 mni) and larger 
li.sh 0 35 rnm). The 1990 cohort of smaller fish 
show'cd a gradual increase in lengiti during summer 
reaching lengths of 26-35 mm (lenglli class 3) by May 
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1991 and 36-45 mm (length class 4) by the following 
spring (September 1991) at all sites (Fig. 4)* 

The length-weight rclationship.s for fish collected 
Irom Noonameena, Policemans Point and Tea Tree 
Crossing are shown in Table I. Slatislieal cumparisotis 
of the slopes by ANCOVA revealed non-signil'icanl 
differences between the sites in December 1990 and 
March 1991 (Tukey HSD, p>0.05). In October 1990. 
significant differences were found between each olThe 
three sites (Tiikey HSD, p<().03). however the 
assumption of homogeneity of slopes was vitilaied in 
this month (F = 5.66. d.l. = 271, p =0.004). rite 
slopes of the regressions, which indicate relative 




Fig. 4 Relative Icnglli-eliiss lfOL)UCncics ot Alht'riiUisiimii 
'iiicroaloina caught in .seine nel hauls Iriirn October lUnO 
until laiiuary 1992 (two samples 14 days apart were taken 
in Octuhcf 1991) Caltlie.s trom the five sample sites have 
been pooled as Ihcrc were net eonsistcnl differences K’tween 
sites in length class lret|Uoneies. Ihe number of fish 
measured in each sample is indicated al Ihe (op left of each 
distnbuiion, 



weights and thus may be interpreted as a '■condition 
factor" showed no consistent relationship with the 
salinity of the sites (Table I), 

The length frequeneies of mule and leniale fish in 
the trap and .seine samples from all sites combined 
tiikcn ill October 1990. Deeeniber 1990. Mutch 1991 
and May 1991 -are shown in Fig. 5. Females were 
■Significantly larger than males (independent i-te.sis. 
P<0.()5) in each month. The largest Icmale fish caught 
iri the trap samples was 85 mm (November 1990) while 
males were below 67 mm (although a single male lish 
of 75 mm was collected in May 1991). Sex ratios (fish 
caught in the seine-net only) usually favoured females 
with significantly more females for all months 
combined (x‘ = -37.82. N - 413, P<0.01). Orange 
coloration of (he eyes and mid-lateral line was only 
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Fig. 5. Rclulivo length class frequencies lor female and male 
Atherinosoim miavJ/ionui in Ociobci 1990. Deccmbci 
199(1. March 1991 -and May F)9I. Fur each iliorilh fish Ibii'i 
trap and scmc nct samples wca' combiiieti. 



T.abi.i: 1. weight regresxitm (t/'Alherinosonia miewstoma /hrau NuiJiuimeemi (NM). Eolieeimws Eoint tPE) md leu 

free t.'w.ui'/i.'f (EIC) in Ociiiher 1990, Ueeetnher 19^90 nml Mntvh 1991 ^ 

Ke/tres.sioiis are <>f the fiirm f - a.\^' where. Y = weight. ,V = length, a = intercein <md h = t^ = coeffiaem of 

ileiermimitnm, n = .ttvnpie .fire and **'* F<0.lK)/ 



Sample dale 


Site 


a 


h 




n 


October 1990 


NM 


9.12 X 10 ^ 


2.97 


0.972**+ 


69 




PP 


1 55 X UV’’ 


2.79 


0,978*** 


125 




TTC 


3.54 X 10'' 


3.12 


0.891*** 


83 


December 199(1 


N.M 


4 .36 X 10'’ 


.3.12 


0.975*** 


100 




PP 


5 75 X 10 '' 


3.04 


0.969*** 


ItXl 




TIC 


8.13 X 10'* 


2.96 


0.966*** 


100 


March |99| 


NM 


6.03 X 10'’ 


3.03 


O.g.tgt** 


IIX) 




PP 


.'1.32 X lO" 


2.94 


0.977*** 


100 




TTC 


T.08 X 10" 


2.98 


0.961*** 


97 




Gonosomal'C in^ex 
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lound in mule fish over 36 mtn TL and only during 
the breeding season (Sepieniber-January), indicating 
that it is related to reproductive behaviour. 

The relationship between total length (TL) and 
standard length (SL) was expressed by the Ihllowing 
cquatu>n: 

SL(nini) =().6l+n.85TL(niiii| 

(r'^O.W, N=34, P <0.001). 

AniUtol Rcpt-iximiive Cyrle of .Atheri nosoma 
inicmstonia in the Cminmg 
Only one ovary developed in female A mirrosioma 
and this remained small (<2% of body weight or 
GS1<2) through autumn and winter in the Coorong 
(Fig. 6). In spring, (he ovaries showed a marked 
increase in size before declining over summer with 
similar seasonal patterns occurring at all sites (Fig. 6). 
The G.SIs were highest during September and October 
III I'Wi, This annual cycle in reproduction was also 
rcllecled in the proportion of immature, mature, ripe 
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f ig. 6. Seasonal changes in the gonnsoiiialic index of female 
Atherinosimui microstoma at live sites in the Coorong 
Lagoon Points represent mean values ot up to 20 fish and 
vertical lines are one .standard deviation each side of Ihe 
mean, No •.landaid deviation is given when .sample si/e 
was less than lU 



and spent tish in the .samples (Fig. 7), Female fish 
prissessed only immature tweytes from May to July. 
Maturing oocytes were first delected in Augus( with 
large numbers of mature and npc fish present 
throughout spring. Spent fi.sh were first detected in 
November. Some immature eggs remained in the twaiy 
indicating that not all oocytes were matured and shed 

Butch Fei undity ci/ Alherinosoma microstoma in the 
C'rioronf’ 

The numbers of oocytes, classified as immature, 
maturing or ripe in the ovary of individual fish collected 
from the two breeding .seasons arc shown in Fig. 8. 
The large variation in numbers of immature cxicytes 
may relate to fi.sh size and to losses due to maturation. 
There were smaller numbers ol' maturing and ripe 
oocytes w'ith most fish having from 5 to 40 maturing 
oocytes and 5 to 30 ripe eggs in the ovaries. 

Batch fecundity (numbers of maturing oocytes) was 
strongly correlated with ovary- free body weight 
(r^ = 0.68, n = 101) in spring 1991 at the time of peak 
gonad weight (Fig 9a). Relative batch fecundity 
(numbers of maturing eggs per gram of ovary free body 
weight) tor tish was independent of ovary free body 
w'eighl (r^ = 0.04, n = 101) (Fig. 9b), indicating that 
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rig. 7 Relative pmporlion ii! leinale Alherinosoma 
miemsioma cliiiraclcriscd by (he most advanced cluleli 
present in the ovary. iJaia from all live sile.s combined 
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fish of (Jifl'crcnl sizes were allucanng a similar 
pmporlioii of Iheir resources to egg maluraliun. 
Relative batch I'ecundilies (Fig. lU) w-ere not 
significantly diflcrcnl between sites in spring 1990 
(F - 0.16. d.L = 2,45, P = 0.851) or 1991 (F = 3.25. 
d.f. = 2.98, P>0.U5». However, signtfitainl diffeienccs 
were found between years, with relative hatch 
fecundities in 1900 being about half those of 1991 
(F = 51-67, d.f, = 1,147. P = 0.001). The number of 
maturing eggs per ovary' tended to deeline after the peak 
spawning period in Oelober 199), 

Di.seussioii 

Influence i>j Salinity on Uhirihutii'm, Growth, Sice and 
Condition o/ Atherinosoma rnicrostoina 
Over Ihe summers of 1990-1991 and 1991-1992 the 
distribution of Atherinosomii microstoma in the 
Coorong was not restricted by salinity. All other lish 
species appeared to be limited by salinity during the 
high-salinity summer sea.snn in a manner similar to 
that reported in Geddes (1987) and Geddes & Hall 
(1990). The highest salinity at w'hich A. miemstonut 
was collected wa.s 94 g L ', This record exceeds the 
maximum field .salinity for this speeies from coastal 
salt ponds in Victoria (82 p.p.i.. Chessman & Williams 
1974). In March 198.5, a few individuals of A. 
microstoma were trapped at 149 p.p.t, TDS (salinity 
approximately 130 g L ') at Tea Tree Crossing in the 
Coorong (Geddes 1987; D. C. Paton unpublished). A. 
microstoma ranks along w ith Cyprinodon varieRutus. 
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Fig. 8. Erequeney disirihuliuns ot the numbers of iniinature. 
maturing and ripe oocytes in the ovaries of female 
Athcrinosoma microshniui caught in the Coorong during 
ihe 19‘)0 and 1991 breeding sca.sons. 



which has been recorded at 142 p.p.t. TDS (Simpson 
&. Gunler 1956), ns one of (he most saU-lolerant Ti.slt 
species in the world. This abili(y allows /I. microstoma 
lo survive a( (he sou(hern end of (he Coorong during 
extreme hypersaline conditions. Abundance data 
suggested that hardyheud numbers at (he soiilhern sites 
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Fig. 9. Relalionshiiis between (a) batch I'ecundiiy ami ovary 
tree body weight (r^ = 0.68, n = 101) and (bj| relative 
batch fecundity and ovary free body weighl ii" = 0.(14, 
II -- 101) for fenuite Atherituisoma microstoma, f\)int.s 
represent lish eolleetcd in September. October and 
Noveniticr 1991. 
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were lun alleeteiJ bill high variabiliiy, perhaps 
associated with schooling behaviour ol the fish, and 
low numlxTs of samples were eonrounding factors m 
tins analysis. 

No major dd lcrcnces were found between .sites in 
growth, si7C or condition of hardy heads in the 
Cuomng. Growth rates implied from the progression 
ot length modes suggest lhaty4. micmsuvmi can achieve 
(I total length of 35 luiii in liiur months, followed by 
a period of liitle growth over winter, reaching lengths 
of 45 mm the tbllowuig spring, ami thereby becoming 
sexually malurc within the first yearof litc, I here was 
no indication of dw'iufism related to high salinity in 
this population. M.iximuni sizes for both scxc.s Were 
.similar at all sites lii the Coorong and coniparable to 
those found in the Dee Why Lagoon population (Rsticr 
(‘I ttl W8bl and liir tfiis species in general (Cadwalladei 
& Backhouse 1083). Maximum total lengths rcceirdcd 
for males were 67 mm (present study) and 66.5 mtn 
(Dee Why Lagoon) and for fem.ilcs 85 mni (present 
studv) and 86.4 mm (Dec Why Lagoon). Fish 
condition in ihe Coorong did not differ significiinlly 
between sites in March when salinities were high and 
ranged from 58 at Noonaincenu to 92 g L ' at Tea 
T'rce Crossing. 

l.ije Hi.\tor\ , Aiwiuil Cwle tnul Popuhiinm Slruciitrc 
"/ Atherinosoma niicrosioiiia 

ITie post- breeding decline in larger fish at all sites 
Initn December indicates a one-year file cycle. The 
population showed a numerical dominance of females, 
and mules were also significantly smaller than females. 
.Similar patterns of life history and sexual dimorphism 



have been found in the population at Dee Wliy l.agooii 
New SiHilh Wales (Potter c/ al. 1986) and in atherinids 
fmm the Northern Hemisphere (e.g. Gon <)(£ Ben-Tuvia 
1983). The pro(X)rtion of tcniale fish in this population 
appears to decline over the breeding season and a sex 
ratio of close to one is leachcd in December. This mav 
be due to differential moHality during the breeding 
season, or to an increase m the numbers of male fish 
reaching maturity ( >30 mm) as the season progressed. 
The orange eoloralion found in male fish appears to 
be related to reproduelis'c activity and may be under 
honmmul control. 

The marked difference in size between sexes, Ihe 
prolonged breeding season anti the shon life cycle of 
A. mkrostomu may be indicative of a species where 
sex is determined after conception by environmental 
taefors, such as tempcraUirc (Conover 1984). Conovci 
& Kynard (1981) conclusively showed thai tempemture 
e.xeried a direct influence on primary sex 
differcntiaiion, rather than causing sex specific 
mortality in (he alheiinid. Memdiu menidia. Thus, il 
egg.s spawned m the cooler spring waters develop into 
females, and eggs spawned in the warmer waters of 
late summer develop into males, then females would 
have a longer growing season which would account 
for iheir significantly larger size. 

Spawning occuired from September to Deccmbci 
giving a protracted four month spawning season. Thi.s 
i.s supported hy the large numbers of larvae collected 
fnont October to December from all sites. The absence 
of larvae m the saniplc.s, the small GSIs, and the 
absence of maturing and ripe oocytes m the ovaries 
during aiilumn and winter 1991. indicates that this 
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T-ig 10. Mean rclaiive buich feeuruliiy ot t'ciriHk- AiheriiuiMwui imrm.sioimi froni ihree sites ir the Coorong Lagoon over 
ihc I99ti-Pl and lii91-92 hiecding seasons Points represent mean values of up to 20 fish and veriical lines are one standard 
deviation each sjitf of ilic mean. No standard deviation is given when the sample si/e was less than 10. Only fi.sh with 
nialurinp or ripe oocytes were included m the anul.vsis. 
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specie! Iius only one brccilinj^ season pel year. Mesn 
gonosoinatie indices mid icUilivu baieh fceundilicb vvere 
ga'aiosl in November in iyd() and Oeiober in Idbl. 
indieuling lhal spawning piohahly peaked during ihcse 
inonihs. The Inter onset ol spawning in I'idll is reileeted 
by llic later diop in salinities in lhal yeiii Thus a 
redUi'tion in salinity may be- one ofiln; cnvln'iimuTiial 
variiibles involved in iriggL'iing spawning. 

A prolraetcd spawning season may relleei repented 
"bnlelics" Ilk eggs being spawned oi a lack ol («>|Xi|.ilioii 
synelirony in gonadal devclopineni iDeVImniiig IV*H3) 
Analysis ol egg types xhoW.s that oocyte devclopioeni 
in ,i. niirnislonui is 'group-syiKhronons", ni' at lea.si 
two size gioiips ol' oocytes were present n) (lie ovarv 
of an individual ai some imie during ilie rupniduehv c 
cycles (lyeVlaming 1983) This type of cioeytc 
development implies that the whole eluieh of ripe 
oocytes will be .shed over a short period (West (090). 
Multimodal iVeqiiency distributions ot oocyle 
diameters, as lound (or, I initrosioma in the Coiuoiig. 
arc charaeteristieot multiple-spawning fishes i Hcmpel 
1979). The presenee of several modes of developing 
ifoeyies. Ibe presence ofTemnant ripe eggs m some 
ovaries and Ibe decline in the number of inalunne eggs 
per li.sh a.s the spawning season progressed indieatc-s 
lhal .' 1 . iiiicnish'iiio is ,.i muhipk-spawnirig fish 
Multiple balchcsol eggs spaw ned sUeeessivcIy within 
one spawning period have been lound in other 
aihcrimds including Mciiuliti nwniilni (Conover 1984) 
mid M (luiti'iH (Utibbs 1976) Protracted spawning is 
eoiiimun among atliei imds in Australia (e.g. Ivaiitsol I 
1978; Prince & Pouci 1983: Piltcr cr u/ 1986) and 
m the Nonliem Hemisphere (e.g. Car|x:lan |953. Ovui 
i'C; Hen Tuvia 1983; Conover 1984; Middaugh & 
Hcnimer 1992) A four month pioiraelcd breeding 
season over spring parallels thill found tiir this species 
from Dec Why Lagoon, New South Wale.s. wheie 
spavviiing oevuri'ed fmin August to November (Poller 
(7 <il 19861 

InJIwmr cj Sulinil} (in lltc Riprudtii'iii'i' Pt'rfr’iyiuimv 
of Alhermosoma mierosloma 

,■1. iiiitroMnina is the only icconicrl Australian 
aihei inid to reproduce in hvper.sallnc waters, with the 
possible csecpiion ol Cniuirm'i’filKilns iiaiuiititlitiins 
(Lcntinlmi 1977). The gradient in salinities done the 
rootling did not reduce the length i>l the spawning 
season in .T niiiriiMimui as fish were in spawning 
eoiidiiion 1mm Septemhcr to December in bolh I960 
and 199I at all sues .Salinities during lho.se periods 
ranged from 32 g I ' at Noonamccmi in .Sepieinber 
I99H to 74 g I, ' ill Icii Tree Cros.sing in December 
1990 Salinities arc usually at their lowe-.l (ii the 
C'rs-iioiig during spring whieli may aeeouni tor the lack 
ol any cleat innueiiec of siilmiu on reproduction m 
the present study. 
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(jonao development cornmenees in late wiiiler:euii) 
spring at a lime when day length and tempeTature arc 
incrcasine and these arc liki ly m be the envimmiiciitul 
uJcs (fir gonad recrudeseenee. Hrceiliitg in spring may 
be timed to take’ lulvaiitage of seasonal peaks in li«>d 
avail.ibililv In the Coonmg, hardytieads feed mainlv 
on /ooplanklun. in particular uslraeods and eopcpfal.s. 
and these are most abundant dui iug winter and spring 
in (he C'oorong when salinities aiv relatively low 
(Geddes 1987 1 Pemale hiirdvhead.s only develop a 
poition of iheireggs at one (mie. suggesting that either 
a physiological or ceologieal factor (c.g insuHicient 
(ood) limns hatch Iceundily, Relative baleti fecundities 
and gunosiimalic indices vveiv luvver in 199() when the 
growth and pcilormanec o\' Ruppin iiihcrnsa. a key 
aquatic plant in the soinhcni Coorong. was reduced 
ainipared with 1991, Oihei ivsourees incluciing 
/ooplanktori may also hnve been lowei. Multiple 
spawning is a ainiuion repiodueiive struiegy among 
-.mail fish species and iiiaviiiijses Ihc numbers of eggs 
a small fish can produce (Potter pers. eomin.). lit 
addition. 4, mh'nniomn iiiiiy he able to tidjusi bateh 
sire III nisponsc to environmental eimdiiioiis. ,Sueh n 
strategy would allow haidylicads to eitploiL IkhIi longer 
rcprodiielivc scustnis and better quality seasons. This 
stmtegv would require the inilialion of more ooeyle-- 
ihan would be espeeied to be shed in nioM years. 

Ihf Rnlif Ilf Aiherinosoiria Tnicnisiorna in itw Cmmirr^- 

Alliciiu'ds aie .Jit mip'irum componeui of the 
biomass ol small fish *i| inaiiv aquatic eeiisyslenis. 
iiieliicling Bardawil Lagoon (Hcn-Iiivia |984i, Laguila 
Madre iHedgpelii I9(>7). Humcitn Pool iLcnantuu 
I977|, IVcl Harvey estuary i Ritter el fd. 1983 1 and the 
.Swail-Avoii River sysicni (Prinre Rnier 1983) A 
inirniMoimi is a promiueni eomponenl <n the CiHUong 
ecosysiem. in particular as ;i m;iJor loud item foi 
selected piscivorous water birds (Patou 1982). High 
and fliiciijaling salinities along rhe Coorong did not 
have a narked ettect op the popuintion ecology or 
reproductive bch;»viour of .4. nmrosuinui and iio 
sigiiiticHm difli'.ronces m relative batch lecundilic.s were 
found beiw'cen sites iliai ddtered in salinity within a 
year. Thus, f. niu rmnninn appears to be vvell adapted 
to hypcisaline conditions and luture small changes m 
saliiiilv vviiiild not Ix; expected Ifi aiTeci hurdy hcad.s i»i 
the Coorong. However, tneir tood supply may be 
alTevled by salinity. Future studies should he directed 
k<w:ial the diet ol A. wiirosinmu iii the’ Coorong anrl 
the idelors that might limit lltesc resources. 

The ugrieultur;il arcai.s of the Upper South Last ot 
Soiiili Ausiialui suffer from dryland salini/alion ;iriil 
seasonal inundation of lowly ing areas vvith surplus 
surface water. There are proposals to drain some of 
tins sur'jee vvaier and possthly groundwater into the 
Soulti Lagoon of the Cootong (U|)per South l•..'l^f 
Dryland Sahiuly and f liHid MaiiagetnciU Pltin Steering 
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X'lmimitlee. IW.V’). Suih inputs ut' fresh or hruckish 
Wiitcr may disrupt the seasonal Huetunliotis in salinity 
wtiieh are an inipttrtani feature of the Coorong and 
whieh may ael as a partial cue lo sptiwning in d 
iniat/Moimi. Other eonsequenccs of the inputs, such 
as tin inca'ase in water depth and consequent reduction 
III the exposure i>l (he highly productive mud Hals, oi 
a rise in nulrieiil or heavy metal coiicenir.itions mas 
also afreet the food chains in the Coorong supporting 
i. miiTDvriiiHo and m-turn piscivorous hinls. 
Consideration needs to be given to (he role of 
hardyhoads In llte t'oomng eco.sysfein in luliiiv 
inanagemenl proposals. 
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